In this study, we show that the energy eigenvalues and the eigenfunctions of the Schrodinger equation for the power-law and the logarithmic potential can be easily obtained by using variation technique for special type wave functions. The results are in very good agreement with exact numerical results.
Introduction
A large number of important physical problems require solving the Schrodinger equation for spherical symmetric potential to determine the energy eigenvalues and the eigenfunctions. It is known that for very limited potentials, Schrodinger equation is exactly solvable.
In general one has to resort to numerical techniques or approximation schemes, Most popular approximation methods like 1/N expansion, WKB method, perturbation theory are widely used for this purpose. But some of these methods have-draw backs in application.
Although some methods give simple relations for the eigenvalues, they give very complicate relations for the eigenfunction. The aim of present work is to give a simple way for finding both eigenvalues and the eigenfunctions of Schrodinger and Schrodinger-like equations for power-law and logarithmic potentials, which are very important in particle physics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . This paper is organized as follows. In the first section, the eigenvalues are obtained for the sgn(v)Ar ν (ν > −2) type potential by using variation technique for the special form of eigenfunction. In section 2, the same technique is applied to the logarithmic potential.
In the last section, we give some concluding remarks.
2 The solution of the Schrodinger equation for the powerlaw potentials
The radial part of Schrodinger equation for sgn(v)Ar ν (ν > −2) type potential is written as
Using substitution r = (
(1) can be written in the following form
where
. It is well known that Eq. (2) have exact analytical solutions for ν = −1 and ν = 2 and the forms of the solutions are:
for ν = 2 (Harmonic potential)
where L is Laguerre polynomials. From the similarity of these solutions, the following solution can be proposed for arbitrary ν
where x and d variation parameters and they can be obtained by minimizing of ǫ in Eq.
(2) with respect to these parameters. So;
Using Eqs. (2) and (5), for ǫ, we get
and from Eq. (6), we have x = bν 2c 1 ν+2 ,thus, we have found ǫ nl as the following form
where; c = 2
where a j are the coefficients of the generalized Laguerre polynomials. The parameter d can be obtained from Eq. (7), but unfortunately this equation can not be solved analytically.
However, for n = 0, l = 0 case, the value of d which minimized of ǫ can be found easily.
In Fig. 1 , we present the dependence d on ν. Behavior of the curve is similar to √ v + 2 function. But, this function does not fit exactly to the curve. Therefore, a correction factor is necessary. According to the our assumption, the correction factor must be equal to 1 at v = −1 and v = 2. Thus, we chose the correction factor in the following form;
where p =
. So, we write
Fitting this equation to the curve in Fig. 1 Tables 1 and   2 , we present results of our calculations for the eigenvalues at different ν. For comparison in these tables, we also present existing numerical solutions in literature .In Table 2 , the calculations done using eq. (9) When we study on linear potentials, Eq. (2) has the following form for S states
where, z = ρ − ǫ. The equation given above is known as Airy equation and has exact solution in terms of Airy functions given as the following form
Where ǫ n are the zeros of the Airy function and as given in Table 3 . For S states, our prediction for eigenfunctions has the following form from Eq. (5)
In Figures 2 and 3 , our wave function and the exact wave function are presented together for n = 0, l = 0 and n = 4, l = 0 states respectively. We see that the agreement between two solutions is excellent. In addition to the wave functions, in Table 3 , eigenvalues of the linear potential for S states (n = 0, 1,2,.. and l = 0) are given and compared with the exact results which are well-known zeros of the Airy function. Similarly, in Table   4 , eigenvalues of r 0.5 are calculated and compared with exact numerical results. The calculated results are in good agreement with exact numerical results and better than given in ref [17] .
The logarithmic potential case
Let us consider V (r) = log(r) potential which is very important in particle physics. The radial part of Schrodinger equation for logarithmic potential is written as
The function log(r) at ν ∼ = 0 can be written in following form
Substitute Eq. (15) into Eq. (14) and then apply the method presented in previous section to Eq. (14) for d we found the value 1.43203 at ν = 0.00001 (see Eq. (13)). Thus, the eigenvalues of Eq. (14) are written as
where ǫ nl is given as in Eq. (8) . The calculated results for ǫ nl are presented in Table 4 . In this table we also give the results of numerical solutions. The eigenfunctions of logarithmic potential can be written from Eq. (5) as
where, ρ = 
Conclusion
In this paper, we have calculated eigenvalues and eigenfunctions of power-law and logarithmic potentials by using variational techniques for special type wave functions. Our results are in good agreement with existing exact numerical ones. However, for the higher values of ν, there is some difference between two approaches. However this differences not larger than that one coming from 1/N expansion. Moreover, we obtained that present method predicts not only the eigenvalues as well as the eigenfunctions of given potentials.
The correspondence of wavefunctions for lower energy levels is very good agreement with numerical results as expected the except case n and l are large. The method used in this study present an easy way of calculating both eigenfunctions and eigenvalues of power-law and logarithmic potentials. In spite of its simple structure, the method is very practical and the results of the method are in good agreement with exact results.
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